By examining organic conductor α-(BEDT-TTF)2I3 which is described by a nearest neighbors tight-binding model it is shown that because of inversion symmetry, each component of a wave function (WF) exhibits nodal lines (NLs) in the Brillouin zone. In the absence of any band crossing, each NL connects two time reversal invariant momenta (TRIM) as partners. In the presence of a pair of Dirac points (band crossing), for each band that crosses and for each WF component there is a NL that connects the pair of Dirac points via a TRIM without partner. This second kind of NL leads to a discontinuous sign change for non vanishing components of the WF. Such a property is at the origin of the ±π Berry phase accumulated on a contour integral encircling one Dirac point. The results are examplified by numerical calculation of WFs components for the above conductor with a 3/4 filled band.
3, 4
Very recently it has been shown how inversion symmetry and Fu-Kane 5 topological argument allow to establish explicit conditions for the existence of Dirac points based on the sole knowledge of energy and inversion parity eigenvalues at the four time reversal invariant momenta (TRIM). 6, 7 Even though such topological argument is useful to assess for the existence of Dirac touching points between valence and conduction bands, it does not provide any information on their location in the Brillouin zone (BZ) . In fact, in contrast to graphene, 8 the location of Dirac points in α-(BEDT-TTF) 2 I 3 depends on pressure through the tight-binding parameters values: in other words, Dirac points appear at accidentally degenerated momenta in the BZ. As a result, except for a simplified case, 9 until now the explicit location of Dirac points is achieved by exploration of the full BZ either numerically through the computation of eigen energy bands and Berry curvature 10 or using a newly developped semianalytical method.
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In a recent numerical study of wave functions (WFs) properties for the conduction band, it was however remarked that in the presence of Dirac points, the spectral functions on B and C molecules exhibit nodal lines (NLs) (i.e. lines in the BZ where the B and C components of the WF vanish) that connect the pair of Dirac points ±k 0 via a TRIM.
12, 13 It was further argued that such NLs might explain the local magnetic properties on B and C molecular sites that are measured by NMR.
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The object of this Letter is twofold. First, by going in an appropriate Bloch basis, we explain how the existence of NLs is intimately related to the inversion symmetry. Second we explore the hidden properties of these NLs. We find two classes of NLs. A first class is NLs that connect two partners TRIM. The other class emerges when there is a Dirac pair ±k 0 of touching points between two bands. For each WF component of these bands, there appears a NL that connects the Dirac points ±k 0 via a TRIM without partner. It is demonstrated that one of these second type of NLs is also the location of a discontinuous sign change for the non vanishing components of the WF. This property is further related to the ±π Berry phase that is accumulated in performing a contour integral encircling one Dirac point.
We describe electronic properties of each α-(BEDT-TTF) 2 I 3 conducting plane by a tight-binding Hamiltonian with seven distinct nearest neighbors transfer intergrals between the four molecules A,A',B,C of the unit cell (see Fig. 1 ). This model preserves inversion symmetry; possible inversion centers are sites B, sites C or the middle points of bonds AA'. We consider a molecular Bloch basis (|Ak , |A ′ k , |Bk , |Ck ) such that the 4 × 4 Bloch Hamiltonian matrix reads
ikx ) and d = a 1 (1 + e iky ) (the lattice constant is taken as unity). This matrix verifies time reversal symmetry H 0 (−k) = H * 0 (k) and Bloch periodicity H 0 (k + G) = H 0 (k) with G a vector of the reciprocal lattice.
To start with, we rewrite eq. (1) as H P (k) in the sym- 
In this basis, inversion symmetryP is described by the 4 × 4 diagonal matrix P (k), with diagonal elements p j (k) = 1, −1, e −ikx , and e −ikx−iky , for j = 1, 2, 3, and 4; such that P (k) −1 H P (k)P (k) = H P (−k) and [P (G/2), H P (G/2)] = 0 at the four TRIM given by Γ = (0, 0), X = (±π, 0), Y = (0, ±π) and M = (±π, ±π). For our purpose, it is convenient to perform a further unitary transformation such as to obtain a real symmetric Bloch Hamiltonian matrix:
that still obeys [P (G/2), H(G/2)] = 0. The matrix H(k) appears to have only eight distinct nonvanishing elements h ij (k) = (H(k)) ij given by:
The existence of such a real representation implies that each eigenband state |E α (k) (α = 1, · · · , 4) can be decomposed as
where each component d α j (k) is a real valued quantity. In the following we denote
) the conduction band of a 3/4 filled system.
From this point, the first step to demonstrate the existence of NLs consists to show that because of inversion symmetry, at a given TRIM, for each band E α (k), some of the components d α j (G/2) necessarily take a value zero. Consider any G/2 TRIM, by construction each basis state |jG/2 verifiesP |jG/2 = p j (G/2)|jG/2 with p j (G/2) = +1 (−1) for an even (odd) parity state; more quantitatively Table I . Parities π 1 (G/2) and components
. Parameters of transfer energies are given in the main body. Case (a), the transfer energies are chosen such that Π 1 = −1. In that situation valence and conduction bands cross at a pair of Dirac points ±k 0 and for each j, d 1 j (G/2) = 0 at an odd number of TRIM. Case (b) corresponds to Π 1 = +1; there is no band crossing between valence and conduction bands and for each j, d 1 j (G/2) = 0 at an even number of TRIM.
[P (G/2), H(G/2)] = 0, each |E α (G/2) is also an eigenstate ofP , We now explain how a local zero d α j (G/2) = 0 necessarily implies the existence of a NLs d α j (k) = 0. Let us define k ± = G/2 ± q. Owing to time reversal symmetry we have the equality E α (k + ) = E α (k − ). In addition, because of inversion symmetry we can also rewrite
As an example, for k ± = Y ± q, the non vanishing elements of H s Y (q) are h 11 , h 13 , h 22 = −h 11 , h 24 , those of H a Y (q) are h 12 , h 14 , h 23 , h 34 and properties eq. (5b) are easyly checked. Using eq. (5a,5b) and equality E α (k + ) = E α (k − ) we deduce the following parity properties for WF
Let us now examine the consequence of the last property eq. (6b) in the context of our Hamiltonian that considers only nearest-neigbhor hoppings.
To begin with, we consider the case of a band E α (k) that does not cross any other band and such that Π α = +1. In that situation the d α j (k) can be considered as continuous quantities in the entire BZ and therefore property eq. (6b) implies that each G/2 TRIM with p j (G/2) = −π α (G/2) gives rise to a NL d α j (k ± ) = 0 starting from G/2. In addition eq. (6b) also demands that the number of NLs d α j (k ± ) = 0 that go through a single G/2 TRIM is necessarily odd. As a consequence a NL cannot be a closed loop inside the BZ and therefore it eventually crosses the zone boundary before reaching back G/2. Since Π α = +1, for a given j there is an even number of G/2 TRIM with p j (G/2) = −π α (G/2) such that we may expect many NLs originating from distinct TRIM. All these NLs eventually lead to a complicated pattern of sign change for the considered component d α j (k). This scenario might certainly happend for Hamiltonian with long range hoppings, however for our case with only nearest-neighbors hoppings we always obtain that a NL d α j (k ± ) = 0 starts from a given G/2 TRIM and crosses the zone boundary precisely at another
In other words, when Π α = +1, NLs connect two partners G/2 TRIM. As an example, for the case (b) of Table I there is one NL for each component such that d Table I. Reading Table I (a) we expect that the four NLs d Table I . 
(IV) to (V), and similarily for d Table II , within this convention, we present the sign of d Using Fig. 3 , we examine the Berry phase, γ C , defined by
where C denotes a closed loop taken anti-clock wise. From eq. 4a, we note that the phases contained in p j (k) 1/2 cannot contribute to any finite Berry phase. In fact in our case all the possible finite Berry phase contributions come from the discontinuous sign change that occurs for the components d 19 such that we can write
where k C − (k C + ) denotes a point located just below (above) the cut constitued by the NL d 2 j (k ± ) = 0. In the present case, we take θ In summary, in the context of a tight-binding model of organic conductor α-(BEDT-TTF) 2 I 3 , we have shown that inversion and time reversal symmetries implies the existence of NLs for WFs components written in the inversion Bloch state basis. There exists two kinds of NLs. On the one hand there are NLs that connect two partners TRIM, on the other hand when there exists a pair of Dirac points, for each component there appears a NL that connects the pair of Dirac points via a single TRIM. The NLs of this second type, are also the location of discontinuous sign change of WFs components (i.e. phase jump of ±π) which is at the origin of the Berry phase accumulated when encircling a Dirac point. Interesting perspectives would consist to examine how to generalize these results to other type of crystal symmetries.
